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All rooms, where many people are gathered together 
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ch... 
come mene or offensive after a brief duration of session, 


noticeably m more re objectionable a: as the session lengthens. i 


‘The flippant writer who r records and publishes the ci 
does not hesitate to defect to “want of scientific know ledge,” 
with the implication that either he himself "possesses, or or that he 


* “readily produce the encyclopedia which contains such information. Those 


= who have practically | to do with the erection of buildings or the construc - = 


apparatus ventilating : and warming g the s same, and especially 


those in whose charge the finished buildings and their apparatus are 


: practice have not g gone beyo ond the studies of requirements, most fre-— 
quently unter conditions not applicable to our climate of the northern 


placed, are well a: aware that the teac ‘hings of the books or records 


States ; or further than an of the detaile 


wort nkshop. this regard o of as a W ‘may be averred 


at once, that for more than tw enty years the am f American con- 


tors has been such as will meet every requi 
in any ‘quantity : and at any te desired. 


. io. 4 The literature of ventilation is s tolerably ainsi but a few books, 


tition all that is written on the subject. * 


ds Most writers are e diffuse, The theory | of ventilation has been base a 


_ “now ov over a quarter of a century old, give with much uniformity of repe 


pon considerations rather ' than investigati ations. “3 Views have t to be sup- 


ported i in lieu of facts ascertained. The experiments and 
* A Course of Experimental Philosophy, by Dr. Desaguilliers, London, 1723; Conducting 
Air by Forced Ventilation, by the Marquis de Chabannes, London, 1818; Principles of Warm 
ing and Ventilation, by Thomas Tredgold, London, 1824; Theory and Practice of W arming 
‘ and Ventilating, by an Engineer (anon.), London, 1825; Popular Treatise of Warming and — 
Ventilation, by Charles James Richardson, London, 1€39- 56; Practical Treatise on Warming of 
- ue Buildings, &e., by Charles Hood, London, 1844; Illustrations of Ventilation, by Dr. David 
“si Boswell Reid, London, 1844; Dictionary of Arts, etc., by Dr. Andrew Ure, London, me; 
Practical Treatise on Ventilation, by Dr. Morrell Wyman, Boston, 1846; Traité de la Chaleur, aa 
per E. Péclet, Paris, 1843-1860; Etudés sur le Ventilation, par Genl. Arthur Morin, Paris, ‘ 
4 i 7s The above is merely a list of the more important works. ty Aesehae list for this century 
is perhaps fifty volumes, mostly since 1850, with possibly important articles in a hundred — 
periodical or serial publications. — It is proper that the most valuable recent work should be | Te 
- pamed, wherein the physiology of ventilation is most clearly set forth, to wit: Military 
_ Hygiene, by Dr. Edmund Parkes, London, 1863. The last editicn of this work is edited and 


‘Reid, T Hood. 


nlarged by Dr. F. 8. B. Frangois de Chaumont, London, 1878. 
The indispensable library books of reference in the ms Ww Péclet, Parkes, 
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“failed to give satible with evid 


owe 


% tion of oceupied places, in general, means the of ai air for 
health and in quantities. But the uncertain 1 element 


in this simple proposition is is, what are requisite ? 


@ The real quantity of pair impaired by any one individual is small i ina any tie 
ease, although it varies in amount w ith all the conditions of life a and a 
a health of the 1e individual, especially also for any on individual : as to rest oo: 


rany 


or activity, until li limits three tines j in excess and one half i in diminution v 
ae of what is impaired i in the state of comparative rest, are reached. 


Ina air, at mean temperature of 60 to 70 per cent. of | hygrome try, an 
: 
: adult man, W vhen awake and at rest a at ie ease, in similar condition in 
general to one of an audience in a . public hall, may be taken to make 16 a 
e respirations, of 30 cubic inches each, or 480 cubic inches, ina minute. ae 


* his inhaled air at cdl 70 degrees. will have, Ww hen in American summer 


‘condition of humidity, about 70) per cent. of completes saturation, or about 


er cent. | of its volume will be aqueous vapor, and about of aper 4 
vo pel mt. of its volume will be apor out pe 


cent. of. volume carbonic acid, while the remainder er will be 


e which exists everyw here ‘in the e atmosphere e. The exhaled air will will be 


Seta to have lost about one ‘fifth the oxygen inhaled, by the f formation | 


of carbonic acid; it will have nearly three times as much a aqueous yus vapor, q 
Bo 


and nearly 100 times: as much, or about 4 per er cent. of its volume, ofc care 


bonte > acid ; hile, notwithstanding the greater density. of this carbonic 
z = acid gas, in consequence of the increase of temperature from 70 degrees — 

to 90 degrees, and also of the levity of the aqueous vapor, the exhaled air i 
is really about per cent. lighter than the inhaled 


This statement of the figures of respiration has carefully pre- 


oe pared, and may be implicitly relied upon. ys ‘Iti is s presented i in the es 
‘ of this | beat as a foundation on which. to build | much of the argument to 


is especially intended to meet two p popular r fallacies. Bon ae 
“The of opinion is entertained by many pe ople, | some of whom 1 ought to 
have informed themselves better, that the expired breath i is heavier de 


the air, and, as a heavier body it falls to the ground. _ The contrary is ps3 


certainly the ‘Notwithstanding the direction given to the breath 


= breathing from the : nostrils, the ‘column of breath ascends in ee ¥ 


“ 
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= sion of the « e exhaled breath, that i ill of 
. = course take place nearei to any person w hen the flowing off of the stream im 


~ of exhalation is impeded by the want of difference of temperature betwe een 

_ breath and the air. In any room at the temperature of comfort, 70 
—“ ‘degrees to 2 degrees (with proper humidity), the diffusion of the — 


Pat Bi will occur above the heads of the sone ‘and the fresh air for inhalation 
vurrent 


“4 ever, by admission of effect from estab lished or enforced currents of sag 

ventilation, whieh or even reverse the natural flow. 

I The second popular er error is that the carbonic acid of itself : separ separates 4 


4 and f falls to oa ground by virtue of its greater specific gravity (as a pure a 
eas), than that of is a mistake, Carbonic acid has 


e, of 1.524 to a 


can be poured from one another as water is but 
‘for all that, it diffuses ” or dissipates. itself very rapidly, and when once 
diffused, no length of time effects the least settlement or or separation. 
will be no less carbonic acd at the top a 100 feet high, 
7 


than at the bottom. a Carbonic acid, if colder than the air above it, w vill a 
slowly ; ; if warmer t than air near it rit, 
lay on the top Ww ards, ‘but vith 
Water » nothing | but distillation will separate the liquors. In point 
ft fact the carbonic acid emitted Ww ith the breath, i is thoroughly, completely 
and inseparably mixed with the breath ; ; and the expired breath itself, as ‘_ 
a whole, is rapidly, almost ost instantaneously absorbed and inseparably <a 


- Aman vitiates more air - than is needed for respiration ; an uncertain 


quantity of fresh air is both needed and vitiated in each minute by tre trans- roy 

 piration. A constant t exhalation of ‘carbonic acid | transpires from the 


skin, by no means ns so large as that emi 


one- “fourth or one- fifth as great. he regularity “of this ‘transpiration 


equals that of respiration. 4 -Accompanyi ing this, iti is probable that 


onding to 


absorption of gen corresponding to the equivale nt of oxygeh in in 
acid place. ‘Experiments do not seem to have 


found om. ae q 


an 
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acid “exhaled required, whence it tha 


that the ‘su 


spent for purpose over again, and if an allowance 


4 


| 
of air for transpiration be made, it is established that each person in 


ill life, requires { 580 to. 600, cubic inches, or from 0.33 to 0.35 of 
cubic foot of fresh air minute, for perfect ventilation. this 


oe can an be reduced, as as it is well known that in divi ing bells men n do 


live, and do continue to work when the proportion of carbonic acid in 


the air of t the b Dell rises to 8 pes cent. instead of 4 per cent. as it is found 


— in once ‘exhaled air. Carboni: acid is an innocuous gas, quite harmless to oO 


animal life, except w when it is substituted for oxygen in the air for ‘breath- — 


ing, and except also, in 80 one ” its presence in lange | propo 


feres w with the natural secretions from the lungs, and possibly from the 


Besides the arbonic acid, as one of the vitiations of air, 


is known to exist a a lar ge proportion of a aqueous vapor in the exhaled 


breath, | Only 1; per cent. in volume of the air inhaled at 70 degrees, oH 
is vapor, while 


5 ” cent. of the same volume i is exhaled at 20 degrees — 


higher temperature. (By weight the | quantity y of vapor will have been 


i nereased as 35 t see To this excess of exhaled vapor derived from 
the shell or fauces, there is to be ad led a large, but very welahle ¢ n- 


re imparted to the air of a room by insensible ] perspirat 


the kin. The natural inter nal warmth of the | body is very 


a 100 degrees Fahr., regardless 0 of the heat of the « external air, , and comfort 
Bmp health, even existence as a living animal, depends upon the abstrac- 
tion of heat from the sur face o of the > body, so that the heat generated in a 
functions shall not elevate that internal temperature sensibly 


siderable length of ti time. 


“This part of my argument was more fully discussed i in the paper 


“the re relation of moisture in air to health and comfort,” 1 w hich was read by re 
me before the American | Institute of Architects at their mecting at Bos- 
in 187 Itw jas therein stated There are three provid ided 


for the healthful dispersion of animal heat. Y, The first is radiation to po 
** surrounding colder ob objects ; ; the second, conduction to the atmosphere, — a 


“4 
“which, for comfort, n must b be sensibly cooler. than the be body; and the + 5 


third is; evaporation from the moist surfaces ‘of the lungs and throat, 
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acid, an innocuous gas, quite harmless to animal life, except in so ) far as its “7 


As 


“ and ‘evaporation from the roots of the pores of the site. J 
these means—to- the clothed person, at least, is comparatively in ineffec- 


ee o tive, wae the relative quantities of heat which may be eliminated in 


any given time or locality, by the last two, will ‘probably be found 
“ nearly equal, in an n atmosphere of of about 70 degrees temperature and i 


of 65 to 70 per cent, humidity.’ 


a It may be assumed, + as the conclusion from data es established by many 


ni experiments an and observ ations, t that 1 fy t to » 23% pounds of water are evapo- ; 

“rated: each day from a person in n still life, or from one not taking violent ~ ; 
exposed to heat varying es: essentially from 70 degrees Fabr. 
of two pounds, gives, under the conditions previ iously ae 


about th uree ond a half as much by i insen- 


sup- 
eae that the moisture from insensible perspiration is to be le } 
taken up by air of 70 deqress and of 70 per cent. sothat 
this air air shall bec y no 
less than 4 feet of air for this } purpose to to es a 
(which is merely the accepted name for | steam in its iy 3 
invisible condition below the boiling point of water) i is, like carbonic >. 


presence i in large proportions interferes with the natural secretions, = a 

It would almost seem, from these statements as to the harmless ehar- 

acter of respired | gases, that the word vitiated | was ‘misapplied to ‘exhaled q 


There is | present in sir, ‘in general, a certain omount of = 


gas, 


purities. Ammonia, sulphuretted hydrogen, and ‘sulphurous | acid 
_ with numerous others of local « derivation (especially near towns or cities), 


“are oon 6 in very small quentities, So small that the hundredth of a 


_ ~per cent. is to be taken as a unit in measuring g them. But besides these : 

gaseous impurities, there always exists in| air of inhabited regions very be 


small quantities of floating ¢ organic matter, composed ‘fragments of of 


organic origin, vapors of the same pare like o odors, for instance, 1 micro- 


scopic germs or living organisms, , together with dust of minerals or 


metals, smoke, ete., forming an insignificant part of the corse 
inappreciable by weight or measure, but of the 
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matter or 
emitted. This organic matter appears to ‘be ‘carried to large ex extent by 


aqueous vapor, although much of it exists a: as s floating dust; ; and small 


- particles of of skin, fatty substi ances, , bits of hair can be be caught anc and ‘identi-— 

by the ‘microscope. ‘The quantity. of ‘such organic matter is excee: 

ingly dimsinative as with any given volume or of air. 
that not not the on. one ‘hundred- of volume pure 


on high ground, o or about the one five-millionth pai part ina a crowded rail- 


ay carriage, is organic impurities. Yet toa very s small portion of this very 
small portion of air is attributed the danger from bre eathing ¥ vitiated air. 


Inallp probability the origin n of disease can be found ‘only i in 1 atmospheric 
germs of f living organisms, which find find the perpetuation o of their their vitality 


the decomposible and organic matter suspended i in in the = 


ig 


“of persons is s nearly uniform, ‘and also the proportion in free air is * 


uniform, so that the proportion of carbonic acid present in any 
= room can be taken to very accurately the degree “of vitiation 


from respiration, Not ic acid itself is danger rous 0 
7 S Salhi but by its presence i in ex of the normal quantity, th 


matter proceeding from persons ae the ro room, and the pr 


can be eatimated. h 


A 


than the ‘the sa same air and th this regardless of tl of thea 


the writer felt i its necessary substantiate fully his funda- 


‘mental propositions a as to the absolute and demonstrable — of air = 


So ter as carbonic acid and vitiations proceedi -ding from the breath are 
7 concerned it is evident that only a little over one- third « of a cubic foot of 


pure air is needed each minute, prov Jed the entire volume of vitiated 
air be removed without mixture in the same me. So far as moisture or 
vapor emitted i is concerned, about four and a cubic feet 
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in the air of any room is 
f organic matter, so that 
= ition of organic m 
* one of the conditions of the decompos | 
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nt the deposition, if the air be evacuated at 70 degrees an and i in in the con- 7 


wid saturation. While: if it be admitted that the effluent vitiated air of 4 
om hasa temperstaree of7 72 nd degrees, its condition c of humidity when 


upply) is enough to remove all vitiated air from oneniien sources, to 
urnish perfectly fre f resh, pure air for respiration and to provide an atm 28- 


four or five ive inches thick around a standing individual, which 


“atmosphere \ will ascend around him, , and be supplied from. beneath, at the 


of motion three o or four fe feet per minute. | te 
This proposition for the absolute e ventilation of af sh individual has bee n 


a stated i in all its baldness to make its impracticable. character r emphatically 
vident. Men are not going be ventilated cases, even to secure 

perfectly fresh and ‘healthful, air, in The purity of ai air in any occupied 4 


place can only be ‘relative. “The sole mode of removal “of vitiated a air x 


possible is by diffusion and dilution. A much larger quantity o of air will 


been supplied or permitted to enter a and will be removed 


allowed to es escape than i is s needed for the use of the persons occupy- 


ing the room, during the time of their occupancy of the same ; and the ” 


om itself» will have ad definite cubical capacity, and form an intermixing 


We have now passed all exact ct computation 4 and come into a . field of 


guesses and assumptions. With a definite supply of air ie to any room 


(which s in some a a certain 


of the constituent of the air w within the room. It it) be sap sup- 


: posed that twice the 1e quantity of carbonic acid is admissible in a con- 
tne room, over that out of in fresh air, 


of present. If it be that the hy 


condition of the air is limited to an increase of 5 per cent. of the humidity 


in ole of 70 degrees, then the absorption of vapor « demands 25 cubic feet 4 a 


air toeach person per minute. These 1 neat results fr ‘om computation 


would be very satisfactory, if there w were any grounds for the parol 
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Must be supphied to dilute the exhaled air, A proporuon Which gives : 
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or for acceptance of 5 5 per “cent. of humidity in ne of some other 


The whole matter, then, resolves itself in to opinions to indi- 


ida p personal comfort, and to observations upon healthfulnes 
> the very few rooms and places where, for a period of time, more or : 
less exten: ded, a definite ventilation has been maintz ined. 


It seems pretty well iblished, for rooms continuously occupied by 


Wid 


persons, ¢ either in good health, or at least not subject to offensive disease, 


that 30 cubic of air per person per minute, if of 


son), healthfally, and satisfac nctocily -ventil: te 


iia hen one considers tl the various conditions | compr ised i in this rule, he- 


comprehend how generally inapplie: able the fixed rule of eubi 


feet p per per or minute becomes. The contition the pe per: 


will not remove and for r yet others no 


be named sufficiently large. Increase of temperature an and humidity, for 


de grees and Percentages at above 70 degrees and 70 per cent. of humidity, 


begin: to demand larger quantities of air for ‘comparative comfort ; = 


90 degrees  out-of- doors, and 60 per cent. to 70 per cent. of humidity 


even 60 feet vind minute is is not s an excessive quantity of air, ,,Where 30 is” 


4 it The continuity of occupancy | and cubic ¢ capacity are in some respects" 
interchangeably related values. Where any room i is to be occupied for 


short time e only, its cubic contents may be taken as so much fresh a air, we 


and deducted from the amount of air required for ventilating the same — 
room for the same time. — Thus let it be be supposed 


cubic contents of 1800 feet ; one ne person on ak 


an hour (supposing it to heen filled with air ‘the com- 


-mencement of the time), and that no fresh air is supplied ‘during the | 


hour; the degree of vitiation will only hav: e reached the 0int W 
uly ‘po 


would, have been attained in a continuously oceupie 


where 30 cubic air had been regularly 


tion is of the highest im im 


— 

i= 
| 
— 
— 
— 
related values), (and if adequately intruduced and removed into and from 

— 
— 
— 
— 
— 

Py 
room, 


dwelling or sleeping sy stematic ventilation, however 


Ant devised and constructed, however extensive its supply of fresh air, how. - 
regi larly or ju idicionsly an afford to dispense w ith 


repeated displacement of the air of rooms, and substitution « of 


2sh air throug! 1 op2n winds and doors, at during all ‘seasons: 
the year. “This. law of change of air ‘taken in connection with a a 


"limited supply during time of occupancy, applies directly ax and at once to z 
es the halls of audience, the ventil: ition of which i is the theme of this paper — 


In civilized countries, people | coug ougregate in churches, halls, or 


‘Ga ; theatres for devotion, ins instruction or amusement. . The ends of govern- — 
ment require legislative and couneil chambers ond court rooms whic 


ave at | times ‘crowded 1 sessions. ei There are thous: 


land, and in other in crowds are and often 
packed for sessions of one to six hours on the average, with occasional 


+ sessions, in some legislative halls in particular, of twelve and sometimes — 


r~% 4 more that twenty- four hours. Anything may be called | tolerable that is 


- tolerated, anything m ty be esteemed endurable that i is endured. / Churches, 

schools, theatres, State houses, court rooms, etc., are rendered 


ae 4 tolerable when judicious ome is: taken in changing the ai air after a session, 


andin having fi fresh air in the audience rooms, the commencement 


ws 


ences, accustomed o “habituated to 
accompanies any lengthened session, cease to what would be a 


a excessively tor a newcomer into confined ro room 


es pt of ait air as a substitute for ventilation | by constant t supply, is to be 


is tarnished to largest 1 number ‘persons 


wded into the smallest space. To the outsider the heat ‘becomes i in- 


3 to the insider i * is m e toleral ble than any —_ of fre sh 


vi itiated” both with 


= tilation. The homes of those in humble circumstances, and even of 4 
= those who live in moderate ease, are-made healthful, not by abundant con-— t 
q 
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— 
— 
— a 
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Perhaps the most striking example of this salutary effect of occasional 
— 
a 
To the chemist, the air is found 3 
_ carbonic acid and with vapor of water, while it is Jaden with organic 
—— 


ion. ‘The w unhealthfal condition: of the air, in thousands cars on an 


Comfort is found in warmth. Whatever of fresh sh air be give n, 


“not t the slightest sensation of cold must be appreciated from the curre nt 


ion to 


fresh air by any occupant of a room. There is one “excepti 
this dictum, and that is when a ) person having come to a sense of of oppres- 


heat and not of , volunti endures the admission of ‘cold 
air “upon himself. — Such a person will be more likely to enjoy a blast 


‘from an open window when the external air has the te temperature si zero, 


than to endure a gentle current of four or five feet per r second, vof air at. 


3 degrees to 65 » degrees, , and 45 to 50 per cent. of humidity. There- 


quirements of ventilation are of comfortable war! mth 


are immutable The air of any room have become much viti- 
ated, and even offensive, » and if its be down | to! the point 


degree of p parity, while an an overheated room is apt to be. to be 


popular appreciation ventilation i is s founded upon eftlavia and 
Efflavia m may proceed fi from two : first, from the decom 


on or clothing of those 


room, whether the odor be offensive or defensive. ca In either case 
w hen marked as seein a room, or any portion of it, is a | 


| Thee effect of f odors, h however, on th 


is very, marked. A habitude is ‘established, and nine 


‘vise 
_ persons out of ten of an audience do not realize the plage: of vitiation 7 3 


of the sa same, when ps passing to the outer air, the change mn temperature 


not allow the. change of quality to be perceived. Unless oF one has. 

chad occasion to enter w the hall during t the s sitting he he will never know the 


serious illness that can be attrib a 
uted to the want of ventilation, is f 
amonget the tens of thousands of passenger is found 
ds of passengers, and it is well knowr tht 
en, and others connected with the trains, who 
— 
— 
— 
is decomposition t — 
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by which of halls i is The overheated ‘conditio ition, 
especially of the upper portions of halls, obtains the designation: of close- 


ness, and is generally submitted to the limi limit | of endurance, at — 


¥q 


ff 


point some window near by is opened, greatly - the discomfort, in 7 


; weather, « of those on the ‘floor of | the hall, and little to the relief of the 


overheated 1 portion of the room 
4 


Except i in very cold weather, crow ded do not require supply 


much heat. Many halls, with ‘corridors. rs and passages on one, two 


or all sides, especially auditoriums of theatres, require no more than to_ 


be tos a comfortable » before he audience collects, 


. 


hall i in such case ‘it becomes necessar y to leita air of lower tempera 


ture than that of the r room. ' The problem, then, is how to introduce and y 


distribute cold currents of air emongst a a crow ded audience without pro- 


ducing the sensation of cold to any one e of them. 


The air supply demanded m may 1 not be strictly cold. Its ts desirable 
temperature may rise consider: ably : above the proper temperature of the 


room, and yet it will, ‘in 1 currents, be perceptibly and sensibly cold. = 
‘The fe eling of cold from currents of air proceeds from two sources : — 


Fi aa the abstraction 0 of heat i inw arming | the air itself, and second, 4, from 


the absory ption of vapor by the ¢ air, which * vapor will have been formed at x 
great e1 expenditure « of heat from Ge the natural moisture of the skin. “The The ‘ig 
_s quantity « of heat taken up in the vaporization of the moisture of the e skin 


by dry y and cold air, ‘compared ‘with that abstracted in n warming the : air, 

iss so great, that t the heat imparted to the temperature of of the air ‘becomes — 
‘ 

the least in in ‘the Thus air at 35 degrees and per cent. 


degrees that is Fequisite to to 


a the humidity t to 75 5 per r cent. at 70 degrees. * Iti is very nearly correct: 


assert that: the cool sensation from a ‘Dreeze | in summer proceeds 


entirely from the evaporation of moisture thereby i induced. — Acurrentof 


_ Saturated air at 100 degrees will neither : remove heat by contact nor by 


‘induced ev and is s consequently incapable. of proc oducing a cool- 
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posed to fall, , the same e velocity of current becomes first a pleasant, cooling 


to the and blisters will be ‘produced by 


“deprivation of moisture, from the cuticle or surface of the skin. se ee ith 


80 degrees of heat anda high dew pi pointa a strong breeze is 
nor likely to be i injurious, , after the person shall have soquird some ac- a r 


customed habit of body to endure it ; but at 70 degrees at anda low. dew 
point, which is the only possi ible | condition of heated air in mid- winter, — 


‘the annoy ance of a current of ev ven five heb pee second and its un- 


‘It is that I shoul 1 advert at this point in my to the 


England or The ‘subject has been considered in the paper 


“On Relation of “Moisture in n Air te and Comfort,” but it 
may be now again ‘referred to, in support of the’ view sw that American p) prac- 


tice should be directed to meet , the special r requirements of American © 
not to conform with other -Tequirements, however well 


established i in Asy was set out in the paper ‘ ‘On Moisture 


made by foreign w vriters that 56 degrees to 62 degrees ‘Fahrenheit 
comfortable temperatures - for living ‘rooms, when in 1 cold we weather he i is 


omaag warm at 70 degrees, and in mid-winter is not overheated at 80 
— although clad the time in the thickest of of underelothing. sit 


of 
England , or in ‘Normandy, sensibly a as warm as 5 80 80 degrees in or 


Minnesota at about the same season of the yyear, 
4 a All mankind ‘complain of the weather, and an Englishman especially. 


OL 


But there are in England, eight months of the year, when the ther- 
_ Mometer ranges between 40 and 60 degrees in the ‘shade (and there is 


Spomad little sunshine), with a dew point so high that it is a - pleasure to 


| 
air the cooling effect of a current (even at 100 degrees) may be pleasant 
é — 
— 
— 
<i 
— 
=i 
a ati i liation or convection of the air, 3 a 
> 
:  ™ Quoted from a paper by the author, on the OF OF 


in the inv nvigorati 
= months from 25 to 50 degrees. While in Northern America ° there 


scarcely one ‘month 30 days) with the temperature o of 50 


A ‘respond d sensibly to to 40 to 60 ‘tienes in England), and there are about 


=~ 


to (50 degrees, ant and five 1 wave of excessive variation of temperatures from P 


“ays of warm w eather at ‘Dating the t three hot m ‘months, mth and 


: are e generally within doors, it is s almost impossible. Any one, who is called ' 


the inclemencies of our Arctic: winter, will ‘not suffer ¢ great discomfort 
ad _ therefrom ; ; but t the weak end the tender, th the workman of the factories, 


It that the ventilation of bal in for months: 


“external air, little or no increment of heat necessaay, for 


elfths of year similar introduction of of sir, heated to 


or closeness in a room, cannot be obtained without serious discomfort, 


_ventilation by means of warmed currents of air. 


of the entering oursent ceases to be a cenregeay that current must: 
‘necessarily be be only v. very little, if at all, higher in temperature than the 


room itself. On the other hand, the operation of an exhaust | system, 


the outer air may be taken n in freely, a at any provided o1 or arranged inlet, 

“without discomfort from its want of heat. The great support of the ex- 

~ haust sy system for American usa usage is derived from English ‘authority and 

example, together w with its epplicability to ventilation for the American 


single was of ‘the year, , of 50 “degrees to 70 degrees, ‘when closed 


it three months from 7 75 degrees to 90 degrees, three months « of 30 0 degrees A 


also during the five cold ones, open air exercise to those whose avocations- 4 
upon to endure the fervid summer heat, OF w ‘ho w ill habituate himself to : 


+3 the t tradesman of the shops, the merchant in “the e counting house, the 
Pha student at the desk, cannot a acquire — endurance or or the habit, and must — 


afew very are few times Ww hen relief “from 0 over a 


i partial | or controlled admission of ex xternal air, directly fro from win- 

dows. ' The small addition of heat demanded at any season, ane especi- 

ally for the most of the year, the of our 


where an exhaust shaft or fan is | made to remove air from the room, 4 
becomes eminently feasible, when the general. “conditions are such that q 
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rable. an r ter 


‘mean temperature is so briet that its consideration 
neglected. for audience | halls; but nce hospitals this term 


be adequately provided for. The real point of discussion is how to 7 
warm with an average outside of to 30 degrees to 


the inside of grees to 75 degrees, and how to supply 


and for the preservation 


re purity. cree: 
There are two in of halls becomes easier ir 


‘merica than in England. greater humidity of the English ish climate 


prevents the dispersion of exhaled vapor with the come as 
.; ith us, and exhaled vapor. is s laden with organic impurity on the verge Be 


decomposition. Only a a very few minutes are e required for  surcharged 
air the temperatures usually existing in _dlose rooms to become 


offensive. ‘The foetor of a long occupied hall in England i is “distinctive 


to a n American” and unapproachable in a dryer climate. ‘another 


7 mes. we have, i in the court rooms, theatres and public buildings ae 
general i in America, the a advantage of superior ¢ cleanliness: in dres and 


_ person for a considerable portion of the audiences. We have compara: — 
tively no ower order to ventilate against. 

¥ Returning from the long | digression. of _ comparison of American with 


foreign requirements, to the consideration of absolute requirements and - 
ence demands. sy The followi wing wal been established wed the pr 


one- a foot fresh ai air ir each minute. That | for the con- 


servation of ‘temperature to the point of comfort, each person senate’ 

_ with air at 70 degrees in its usual condition of summer air in America, ee 


must have four to four and a half cubic feet per minute. “That to main- 


tain the freshness of air in a continuously occupied ro room, so that it shall 
be pure to the sense of smell—a condition which is found to correspond — Be 

generally to the poesence of 8 parts of carbonic acid to each 10 


f air, about thirty cubic feet of air, per person per minute, is requisite. a 


It has been shown also how audience | alls, without systematic ventila- 
«tion, or at best st appl ed with very » Nmited quantities of air, are, i 


— 
3 also much hotter, and we are constrained _@ 
7 — 
— 
— 
— 
i 
4 — 
q 
q 
ia 
4 
— 
— 
— 
— 


and if occupied o1 only in short. sessions, and if judiciously with a 


 maticall lied ? 


proposition before ‘established, the cubie contents of the 


halle: can be reckoned as part of the supply itself, | by taking the e number 


of minutes the hall is is’ ‘occupied | by a certain number of persons, becomes 


omen 

now of importance: in fixing the > limit for momentary supply, when the 

“average length of: session can be assumed. this is really of less 


portance than would appear from mere statement. On the whole, in 
halls, the cubic per sitter, il be found to be from 


200 to 300 cubic feet, or only 6 to 10 ‘minutes ‘supply air to 
person, where the final relative purity i is to correspond to a supposed — 4 


regular supply « of 30 cubic feet, per minute. If this capacity isto 


be . taken in addition to any ‘regular supply for a given length of tim ne, a 
then if 100 minutes (ib hour, , 40 ane are ‘he: as s the tho of hee a 


= 
practical in of halls which effect the 


of air | to be supplied, are those of introduction and of dis- 


The e difficulty of introduction is perhaps | the ‘most serious 
— 


trouble, Dr. Reid’s ‘Proposition for a perforated flooring, 
to present a ‘satisfactory solution, and nd it is question 


has been done reputation | of the scheme by the public, for the 


method continues in operation 1 to this day, w ith twenty-four years’ ser- 


vice xe at the Houses of Parliament; although embarrassed in its action by 2 


singularly ‘unmechanical and inefficient ‘apparatus for warming and 


supplying the air. cannot be deimed, however, that the construc- 
a ysub-hall for of w willl | meet tthe of 


q remain a an example, rather than be as model. But Dr. 
— Re eid was for a whole life time of arduous labor, an - intelligent and 


careful observer of "the requirements for the ventilation of audience 
Dalla, As th the of his study he e concluded, and he ‘expressly states 


his conclusion as with diffidence, that, 10 cubic feet of air to each 
would suffice to ventilate a a hall. His great effor t 
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"quantity of air to be syste- 
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was to arrange to supply { this quantity in such way as should be at once 
and imperceptible to an an dience. Much of his want of 


sucess laid in the ‘imperfections of his mechanisms, in the coils or 


heating surfaces, and in the fans or means of impelling air. a of 
it ‘laid in the effort to ) regulate 1e audienc ce as well as the 


Hs life- long difficulty was found in the establishm: 
engendered by his imperfect apparatus, : anc 1 fro iis eee of cold 


which each ¢ cursente pro 


ducts an 


which the o outer air, from some pacien win shall be transported to 


rin n desirable mouths « of delivery or inlet registers. ‘The di 


th be. given these duet “ts or passages are absolute >and positiv 


the quantity of to be moved shall have been ublished by 


ber of persons and their supply, and when the velocity « of movement of 


rmined or acce pte The velocity 0 of movement i is limited 


the one bend by tl the motive power § applied to impel vali effect, it, that i is, 


q by the expenditure of force demanded; w hich means in the. end, whether 


5 _ ympulse by fans and engines, or a draft from a heated flue be used, ex- 


of fuel 1; and on the other hand by p practical dimensions 


epted in constr action of the ducts or “passages. 
~ 


re. In figures, ducts for forced ventilation must ‘Suppose | currents of from 
600 to 1 200 fect per minute, with ome allowance of sectional area for . 


branch ducts, which | shall ‘admit | a less velocity of flow through them ; 


while ducts for currents: induced by exhaust shafts, or produced by the the 
air, at the usual temperature ot: steam heated currents, 
will have a usual velocity of from 150 to 300 feet mio 


times, under favorable conditions ene a draft, rising to 300 o 
even to 600 feet per minute. 
iw 
Systematic supply involves also the heating of air to be supplied, in 
- extreme case, from 5 degrees to 10 degrees below zero up to perhaps 
75 degrees, in such wens case of cold weather. . Ve entilation is not at- 
: tained exce cept at cost for fuel, and a reasonable “expenditure in this re- 
: gard will meet approval when restric cting | the amount of of ventilation i 


; the necessities for health. : The heat will in all cases be that of comfort or 


“a Pues Finall the writer has sought with diligence and study to determine 


from: irrofragable data, the exact quantity of air that should 


supplied t to ‘each p person n of an audience ps per minute, and he now finds 
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pre compelled to admit that no such 


must be taken to have an arbitrary value founded on economic and 
structural, as well as upon medical and chemical considerations ; 3 that — 


this value must have its authority from its general acceptation by | the 


community or by its general acceptance by investigators, who will have. 


idered the question from all points, 


tw would seem that for audience halls occupied { iat sessions not ie 


two or three hours duration, Dr. Reid’ 's value en feet 4 


halls—all ‘that can be: judiciously in the accomplishment a 


ventilation in view of the cost in fuel and apparatus, quite suffi 


_ cient to. to meet the physiological issue, and so large, that it ought to be 
accepted from medical point: of stew. a This quantity might be 


referred to the maximum or holding capacity of the room to 


which it it should be applied, its: artial occupancy would go i 


towards i inereasing the general. ale. And it should be to 


2 ‘the coldest w veather heating power of the accompanying heating appa-— 
ratus, so that in case of of emergency of lengthened ‘Sessions in milder 


ma in 1 hot eather, the > quantity could materially ‘ 


twenty cubic feet | per person per minute. An amount of 


which, with open doors and windows, would, if the ventilating current 


when suitably distributed the audience, prove ample | to give all 


comfort p pos ossible to a crowd gathered i in hot weather. 


a, For audience halls in legislative b buildings, there i is a propriety in 


adhering to t the air which has been mentioned 


rooms, to wit, thirty cubic feet of air per pert inu 


‘there can be no question Ww ver 
the direction in a hall. A man lives in an 
: ae rs current of air—he i is enclosed i in one. In a crow d, | without ‘ventilation, a 


-_girculation takes place; in some way th 


~ 


| data exists. That the quantity 
ite, q 
4 
— 
iq 
— 
— 
passages should refer to a winter ventilation at half speed of the summer 4 
4 
— 
— As before, this quantity should be referred to the maximum attendance @ 
in any hall, and the capacity of the heating apparatus be referred to the a 
a coldest weather for such quantity, so that the forced ventilation should 
— 


. one’s hea head is replaced by cooler air sucked in sidewi ise at ‘the | feet, or 


i dow wowaris, between the persons 1 who form the crowd . If fresh air can 
de, an 1 is, introduced imperceptibly at at the floor "near the person 


needs ‘it, the rising current supplies, es, nearly unmixed diffusion, 


the air for respiration, while the vitiated air is swept upw ywards with the 


advantage of of its levity as. as well as of the current of supply. A downward 


system ventilation, on the other hand, where air is to 


‘De abstracted at the ir to the individual, supposes a ‘thorough 


admixture, mechanically, of the respired and vitiated air with the 


descending sheet of fresh air. W ithin me hull where ‘the air enters 
at the top, there could scarcely exist any fresh air whatever, while the 
* gree of vitiation \ would i increase downwards, until the occupants of the — 


“hall would breath ‘and live in | the vilest air ‘possible for any given 


| There i is also another matter to be thought of i in ventilation of halls— 
the ventilation he as lights, and besides this ve ntilation, the removal 


The or dinar y gas burner “consumes cubic 


fect of gas per | hour. cane burner | may be taken to demand 2 7000 


cubie feet of air per hour or 45 ) eubie: feet of air the 


‘temper rature of the gases of combustion, inclu ling the 45 cubic feet of 


air, becomes, , for ope n burners, as high as 99 degrees, and for Argand 


burners possibly as high as 128 degrees. In an upward ventilation ee. 


lights present little difficulty, a as air for ventilation of the per- 


a sons composing an audience will commonly exceed i in quantity the great- - 


est requirements for gas burning. The vitiations arising from mnt lights a 


wre very | obje .ctionable when the : attempt to i utroduce air r strictly at the 


ceiling is made. — The figures given here as to the requirements of gus 


s lights will allow provision to be made for om. in arranging se ventila- 
“tion 1 of halls. The ra radiation of heat from gas lights of a brilliantly 
lighted room becomes only an important adk dition t to the heat o of fthe 


also to the heat of the of independent 


temperature in some degree. 
; the desirable average of a gas- slighted 1 room, “some 


mae degrees to five degrees, and the necessary er of admitted 


air - shouk d fall off in like d egree, No amo 0 tila tion ¥ will make it 
to sit near the great chan 
It is a source of great gratification to know the t ‘the electric light 


is ~ has reached that point of d evelopment v where 
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lighting | andience halls. practicability of of electric lighting at present 
is found in ‘the production of large ‘quantities of light. As the 


tion of g gas light led to the use of much greater illuminating } power than 3 
was obi obtainable by candle lighting, however numerous and d sparkling the 


condle lights may been displayed f reflecting sconces or chand- ; 


elie hang with in old times, so the elec etrie light also over- 


powers the gas light wherever substituted, gh much the =e extent. 


electric light is the nearest possible to the natural one 1e of the s sun, 
Properly arranged, to avoid distinct shadows, the correspondence | to a gq 


carefully shaded room with ample mid- -day light can ‘be secured. 


Lighted from | above, a complete avoidance of objectionable , glare can be 


effected. : Colors will hi ave natural tints and values, and the gratification 
our delicate sense, i s not the of promise in the per fection 


The vitiation not air by the electric light, arising from the slow com- 
_ bustion of the carbon, is too insignificant sad form any element in con-— 
sidering the ve ventilation. | Fors an equal quantity y of light, there is gener- 
ated seven hundred times as muce h carbonic acid in coal gas 1 lighting a: as 
in electric lighting. There is a ‘small amount of vitiation from ‘the: 


electric light in the: form of nitri ic or nitrous vapors, which r may 0 or 
=° not accompany coal gas burning to equal extent w here equality of light — 
“< giving effect is made the standard of comparison. But this quantity of 
vitiation is also utterly harmless, the volume of air de mande d for 
re ventilation of the number of persons who are to derive their light from 
given ‘electric source. heat effect of « iectrie lighting is as. 


favorable to the ventilation and comfort, of au dier ce halls as an any othe 


supposing an the for force in the are is 
transformed into heat. Furthermore, the safety of the electri ic 


“light a as regards danger from fire, is not the least of its reeommenda- | 
tions when enumerating advantages. the ‘present time the cost of 
electric lighting, with liberal allowance for u use and deterioration 


tity of light is s supplied ; but in view of the superior lighting usually 


apparatus, is oner half that of gas lighting, w hen tha same quan-— 


ed, the two methods 


practised: when the electric system is introduc 
“approximate to the same cost generally. 
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tesuming th discussion of ventilati gain. It must not be 
accepted, from n the foregoing remarks on downward ventilation that the of 


on removal of air at the floor of a hall is w wholly. impracticable. 


of limited floor area, like school rooms, an arrangement for supply and i. 

: removal of air in conformity with the great natural circulation which 

@ecurs in all heated is. likely to. to prove suc successful i in those condi 


shown nin our is abut: about one in any year in 1 which 


windows are desir rab without aitendant supply of hea 


the room, it n, it follows that such school rooms may be v 
“during the. eight ‘months when our temper ratures vary y from. zero to 40 
degrees or r degrees, that is for seven- -eighths ‘of the time when 
"windows ‘are closed. By judicious ‘manipulation of windows and of 


‘eduction. flues, and their registers, the ventilation. during the one month 


of closed windows without fire may be ameliorated, if not made altogether 


Again, in chunches and lecture rooms, where the economy of appa- 


ratus and of operating is esteemed superior to ample but expensive 


; ventila ation, the systematic provision and removal of much smaller quan- 
tities of air, than have I here been ‘shown needful for desirable purity may 


accomplish much improvement in the direction of relative purity. 


habitual method of wrning a church building i in America i is by) means 


of several hot air furnaces, place cellar iderneath, as sources 


heat. These furnaces having the of the close es, 
- with long” lines of smoke pipes, which were formerly a peculiar feature 


of the meeting houses ” ” of our fathers. _ The furnaces have just about — 


“thes same heating capacity, and distribution and circulation of the 


same way. When “actively in warming the church by means 
of furnaces, there i isa supply of fresh air, 
in itself, but inconsiderable, | at its lar gest quantity, to. the wants of 


 tilation of the numbers resent. The control of temperature O. the 


heating currents is very. limited, the lowest te ie being com- 


monly about 180 degrees, while the highest, often demanded in the cold- a 
est weather, rises to quite 300 degrees, and sometimes enews this point ; 

and the control of warmth in the church itself i is obtained by 


opening—registe 


registers are 
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on 
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on after the commencement of any 


he heat of the persons present at 

oo evening meetings where gas lights i inerease thie heat) canses it to | become 7 
« overheated long before the end of the hour, o or hour and a half, of usual | 


d 


_ The equilibrinm of temperature in such a room, is established 8 ely 


_ by the cooling effects of the walls or window s, downw vards along which 


8 thers falls a sheet of cooled air (augmented in cold at the ‘windows | ie 


~ leakages i inwards at the bottom of the same), a shee ot | which flows i inw ards 
towards th the Tegister : is direct ted “upwards with the 


from them ; 
the current: of rising in the midale of the room. This 


roll of circulation goes on co inually, and at son 


of temperature at the top of the room, the ower strata sentinel ed 9 


height of above a gallery sometimes, 1 will be found to have attained s some 


uniformity of heat. In Tn fact, when filled with heat at, as the furnace cons 


structors devominate i it, will, in a ‘h h building of 35 to. feet 


in height, be less than 10 degrees difference between the floor level t tem- 
oper rature of air and that taken 20 to 25 feet above | sue th level. - Nok lar ge 


ventilating shaft can be taken from the upper part of room. ‘Even 


the small opening to remove the gases of combustion of a a chandelier 


disturbs the circulation of heat and intensifies the cold desce nding eur- 


of rents near the w indow, besides accelerating t he leaks of cold air at the 


so that the venation of churches thus heated, is practically 


which on w days i is modified by all leaks in the 
dows, and all leaks out at the leeward | ones. Nowa kind 


windward w 
of semi- -ventilation of a chureh thus w war ‘med and arranged can be effected 


by removal of air, at or near the floor, by means of ducts connected to ¢ an 


é exhaust ‘shaft ; 3a all of which will become operative if if the currents from © 

‘the hot air registers have been angmented to meet the ae: of 
air, by tempering the heated currents s with direct enrrents of cold air, to 


desirable heat and quantity. Here it is seen that a dow nw ard ventila- 


“tion, under cond tions, may effect a good purpose - a cer tain exten 
it will not be. attempted at this time to argue, fully the adv antages of 
the method of supplying air for ventilation | by im ulse throu h me- 


means—the superiority of forced ventilation, as it is called. 


‘This mooted question will be found to have been discussed, argued and 
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combated on all sides, in numerous publications, ‘but the conclusion | of 
all i is, that if air is wanted, in any particular place at any particular time, 


are. not 
ere, not allowed to go. Other m methods will g give resu! ts 


at certain times or seasons, or under certain conditions. One 1 method w i 
work — ly , Wi ith cer certain differences of ‘ioe rn: al and external temper: an 


other method sueceeds only \ when other differences exist. 4 


yne apie reaches to relative success whenever a wind can render a. 
Another method remains as a if no 
ot 
cc rindo w. N er method than that of 


do 


controlable “to sit ine ‘of those w ho are 


sential t then t to meet their n cessities. 


itis a f avori te belief that a 


of rtifice to be endured, houses being presumed in 


eu of c Foote There 1 may be a fireplace with its chimney in the c: category 


by natural process. Window sand doors open 
ar 


i as natural apparatus, although this was as artificial and as abstrusel 
ingenious to our ancestors of five or six hundred ; years since, as s the best "i 


eam or h hot- water heating us is tou day. . Pe to. 


persons: 
mank inhabit . Itisanai 


animal natural life w ould 


of the torrid zone, where the temperature never 80 


rises above 100 air will 1 not be be supplied naturally to 


sea-shore | or upon ‘the deck a vessel. the currents nor the tem- 


peratures of the healthful bre eezes are admissible in the pro es of ventila- fila- 


z tion, so that the natural supplies cannot even be simulated artificially. To 


‘meet the ‘demand for health and comfort i in the natural 


Ww whic hi is one of the conditions « of ommmavane in civilization, 
ad 


results. Success i in ventilation of can follow ‘the 
ation of mechanical appliances and apparatus, as well as of strue 
angements, to the ascertained wants and requirements of the i in 


Ins all mechanical appliances that is sim- 


— 
— 
— 

|) 

a ti — 
4 ‘To many peopl 
some way effected | ; 

— lhe means by which 
iia 

a uals Composing an audience, a q 


in 1 this matter of supplying air it may he prevndie that the process of i im. 
A pelling it, when and where wi wanted, is at ; once the most certain a and a 


cient, on that the fan (in its form of a rotating. wheel w - anes for 


large uses) is the simplest end readicst machine for impelling air. 


_ it It ; will not t be attempted at this time to discuss the | theory of Rotar yo 


The fan itself will simply be accepted as one of the recognized a ap- me, 


in the ‘construction of ventilating apparatuses, available with 


other mechanisms in established forms and defined types for Aueri ican 


i‘ . The fans most generally i in use for the ventilation of large buildings i in 
this country have been derived, in all | essential ul particulars of of conform: 


tion, from those designed by the writer for the United States C: rpitol at 


OW, ashington i in 1855 and 1856. These | p articular fans were based upon a 


type given by M. Combes (in his “ Aerage d des Mines”), where the fan — 
blades or vanes were pli pelt upon o face >of | a dise ; and the fan itse a 


thus construe ted, we was located in front ofa a circular o opening in the wall i 


of a building, the wall formi ming one side of the zone of blades, in oppo- 


sition to the outer r edge or r face of the aise, w hie h formed the other side. — 
In this ¢ _ constru iction, no case whatever is demanded for the fan, which a 
receives its air through the central circular opening i in the wall, and de- 


Bcc its air at all points of the periphery into a large Dut close room ; 


from which ro room the ducts for. ‘conveying 2 air, branch in. any desired 


The heating and ventilating at the United States Capliel was under 


the charge of Maj. Genl. M. C. Meigs” (ther n Lieut. U. S. Engineers), 
_ who selected this ty pe of fan as presenting certain: structural advantages 


for its s employment. — The study of the conditions of fan construction 


which w was | : devolved up upon the iter, led to ‘some modificatic 


forms ot Diades, ote., aS by M. which “change 


but other the pe 


was a recognized necessity that a fan should be ‘reduced to its. 
practicable. dimensions, and the most eursory observation showed 


ied 
that the passage of air through the fan itself was an Pais: flow, 
whose least v velocity sh should be, t at w hich the 
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proas shed the i inner edgas of the blades, and its greatest velocity should 7. 
d 

“be, that at : which the escaping air left the tips s of the blades. “The action ’ 

e blales being to give an accelerating velocity, to be mainly de- 
rived from the increase of velocity of the blade surface as it became ; 
further from the centre. It followed as a resulting consequence, that 
the area of any er ross sectio ction of the passage through 1 the fan n (any one one 
which will be formed between the dise and wall or case ‘side, and be- 

aeneeaale any two blades), , should reduce in proy portion as the air accel 
erates, a and that the air should thus be kept in contact with, and be acted 


upon by the blades as the source of ft Sanpeion, These propositions: gave, a 


for instance, where the disc of the | fan was taken to have a ‘diameter 


equal to one, the diameter of the mouth | or central | opening Decomes 


cieney Ww differ rel ent numbers =), be abot at sixteen 


“number giving section of the several passag ses formed by blade 


Ne — dise and wall, most nearly | &@ square one, or most nearly that. section of a 


‘duet or passage, where the side offer the least resist: ince to flow of afiuid. 
The advantages in effectiveness or economy in power over other fans 
_ as before made, with small central opening ant 1 great width of vanes in © 


of thes axis, is not very “considerable ; 10 to ) cont. 


renal but the advantage of obtaining a at least twice the capacity, simply “ 


enlarging the mouth and vy increasing the m number of blades snit 


their reduction in’ length, i is of high importance ce when room to place a 


fan in a building, is frequently one of the troublesome e questic ms to as 
met. Since 1856 probably L 50 of these fans h: ave been put into use in 


8 hospite als and publie buik dings. The principal modificationa adopted 


has been the frequent use of blades: on both sides, with the same disc 
uction ; fans of four to eight feet with 


iron in lieu. ast ingement presents some 


liffic ulties in ye entering air r passi assages, but it reduces the diameter of ofa 


be fan to do any given work, tot seven: tenths that of a single sacs fan. * a * 

-* The only full published account of this fan is to be found in the proceedings of the In- sea ? 


Civil Engineers, 1869- 70, the publication in the of of 
the Pascal Lron Works, Class 
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seventeen and a half hundredths ; while the width at the periphery be- 

eomes one- as 
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mitable — ; ‘sometimes a belt and is used for 
an independent engine. Th This last condition, that of independence 


uses, is is desirable hall ventilation, s that an economy of woking. 


from the general source power, _alwa in 

hospital es est ablishments. 


Boilers and ail their appliances, engines, etc., are not distinctive oT 


eculiar to rng or e heating apparatuses, and call for no mention 


The steam heating 1g apparatus i in all its details, as used in America, is 
‘peenliarl y Ame especially the appa atus of small wroughit-i -iron 


~i “tubes, which had its. origin at the hands of the late Joseph ‘Nason, b be- 
al tw een enad and 1850, and hi as now become one of the established indus 


- tries « of the Jand, employing a whole class of workmen known as wanek : 

fi re me > 
fitters, and supporting large establishments, devoted entirely to the ‘manu- 


of and trade i in tubes and fittings. ; 


‘The little s step in mechanism which is the foundation of this art, is” = 


found in the use of the thread: on the of the bn where- 


way y of making a a pipe joint, w ith this established h habit of : w workmanship, es 


no ‘description or notice of the tapering screw is published in any text- 4 
Wool book, , nor have its peculiar advantages been considered by any general — 
weiter on constructive mechanisin. The great importance of ts im- 


_ provement i in . making the. joints of steam | pipes to this industry of steam: ; 


heating can scarcely be over estimated ; but it was not on ) in this is partic- 


we 


cular but i in many others of detail, that Mr. Nason’ on an inventor 


¢ and adaptor w was shown in the a apparatus; w while suy super- -eminent above “ir 4 
he was pat once best of his d ay on n the and the most 


originated— ten or years since it was to trace the 

of any concern in the to original souree— —at this 


precludes the | following out of the 
exists. . The business, however, has been, and i 


— 
— 

— 
— 
— 4 
that with over forty years practice in steam fitting, until no workman 
es > in iron regards this taper screw joint as other than the matter of course 4 
— 

; ; 
— 
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“upon of mechanical ingenuity, mainly from Joseph 


Nason, who g ave form to the e globe valve, 0 originated and derived (OF 


adapted from the practice of hot water heating apparatus in England— 


either the Perkins’ high or green house low pressure 


w fi orm parts: of usual e ever 


age Cc uriou asly steam heating as practised 


: ar ere, is not ‘yet tally. known or used in England or France, and but little 


The ole of this paper, became connected with Mr. Nason in 1848, 
; when he was employed to superintend ‘the construction 1 of tube works at 


Malden, near Boston, for Mess W alw orth &N: Nason, and from that 


until now he feels able to claim some standing in a in stnnaingg the industry 


of steam heating. It will have been noticed by most who have to do owith | 


construction, ‘that the form and and shape of valves, , elbows, tees, and of de- 
_ tails generally employed or may le any when in ‘the country, are 


"similar. In fact the are univ versally copies, followi ing exactly the 
signs a and guapesinons:; as to sizes sand thie knesses, which t the writer estab- 


years since. 


mG From this his general acceptance of th of the types of steam hea thi apparates Pn 


and its component parte, | any one is at liberty to > specify a definite 


construction of coils and mains, Ww ith a corresponden nce of detail. 


_ can measure and plan to use any arrangement of standard — ar 


selected from any of a steam 
- firm, and feel sure that the work will have been so arranged that it can a 
& 
be bid for i in open competition, and that he is getting the bes 


details of to effect his purpose in his own way. More ‘than t this, 


Mee may be regarded as tolerably : sure that any patented improv ement of 


detail or method, is inferior to what can be procured and supplied f from + 
arra rrangement eating us for Halle of 


It having been accepted what number of oceupy a 


- tain hall— taking the maximum number— the total quantity of air needed pa 
each minute, will bx be derived by a simple multiplication of ‘this number is 


up y 


by! the quantity per por person, per minut e, which the oce 


— 
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= 
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one and | a half hours, ss say ten feet, while for alegislativ L for r frequent 
long sessions, thirty feet may not be too large, while proper judgment 


should determine intermediate : values for other conditions of occupancy. 


- ‘The figures of total quantity of air needed each minute being de determined, 


minute 


- ‘the sectional area of the duct, near the fan, is | got by dividing this figure 
Now, this area is is simply that of the of the fan mul- al 


is = one ‘tenth, diamete ster, it follows ‘that ‘the a aren of ‘outlet = 
circumference), multiplied by D width) D® divided by ten. 
Taking | the value ue of ratio of cireumfer the 


ws 


ision, cand extracting the square root 


that D(= the diameter of the proposed si 073 times the square 
Toot of the number of feet of air to to be moved inute, This rule— 


ean be expressed more simply in 


= of air per person, per in enbic feet. 


1 weather, also i in fe 


= sectional area of fan, in square feet. 


pa diameter of single fia that is of a fan whic h carries its blades 


antity of air to be si supplied, « or the least « “quantity in 


y and receives | es its air on one side only, 


4 = = ratio of cireumference to diameter. 


"Reducing the above ¢ equation tog give e the value of D, the 


a fan o or ‘one receiving its air on sides, 


When diane ter of ¢ fan, or of of one blades and receiv- - 
ing ai air on both sides of the dises, in lineal feet. paid ees 


@ 
‘The inlet or suction air duet or toa fan, should have, as an 


“tribating duet. a To compensate for resistance passage along the 


ducts and yet to preserve the smallest efficient areas of distr ibuting ducts 


— 
— 
- 
— 
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aa 
Where maximum number of persons to be supplied with air for 
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‘branches, th sectional area of distributing ducts 


branches, at any given from, the fan, should be increased over 
is derived from —*- , by adding 0.0025 times for foot é 
distance, and there is is required a constant addition of 0.25 (t) a square 


foot, which becomes a necessity “meet ‘great resistance of small 


passages. The area of a main duct at. any giv en distance from the fan, 


“should be be formed by computing afte after this method— —the area of of each 


‘branch, hich may be considered ‘as trumpet shaped or expanding from 


fa fan to the pc point of bifurcation (from which point the branch may be 


deemed parallel), and this area is to be used when summing up ant aggre- . 


gate of total area of cross sections such distance. » eee he 


as It may be n needful to call attention of those who n may plan a ventila-— 
ting a apparatus, that the air-ducts must be exclusively ‘devoted to their 


ES purposes and should not be used, or even made so as to be ava evailable for — 


assages. — They may employed for the lines. of ‘supply or return 
“mains or distributing pipes, but the ducts should ils be encroz ached upon 


by coil chambers constructed w within them. ar, unobstructed, smooth 


passages, with all angles rounded and all corners filled in , and all enlarg: 
av cided, should the least of resistance to the flow of air. 


‘sented of in construc tion. 


“absolute and unalterable conditions in forced ventilation, and will 
UA 


enable s any one to design, without mistake, when engaged in making 
_ original plans. it may y be e objected that. that the dimensions of ducts obtained Lid 


by these rules are excessive, near ly to the point of impraeticability, but 


in reply to this it must be stated that, they (the aie are less by . 

one: -half than can be » employe ed for ventilating by heated currents alone ." 

(wl hich i is cold weather ventilation wees or for ventilating b by by exhaust _ 


shafts, heated i in same way to induce curr ts (which is : closed window w 


ventilation). ). The frequent a assertion of su s 
called) ventilating apparatus, often confutes: itself, w 


bility of size of ducts is investigated. 
s a As to the methods of distribution of currents from the branch duc 


"within a hall, and amongst an audience, the subject would call for ger 

“discussion than there is room now to consider. i It will or only be ‘said that i 
. at the mouth of discharge o of each branch, baffling boxes must be arranged 


and d provided, 80 that the afflux shall take place from an extended sur- 


a 
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wi hin one foot 0 the surface, than 


for wt area of surfa 


ten times as —— as the section: - area of the tenn ches. And it 
required t thes the direction afflux should be ‘upward in general, or 
other current of afflux near by, 


be directed upwards, ‘The current nt of aftlux in horizontal 


as in a risers of the ee or steps of an amphitheatre, is a 


much greater intensit the: 


it ‘must be re reme embered that those | for removal ofa air r must have ‘adequate 
size, and if. economy in the i e impel lling force be studied, must be at least | 


of dimension. In} ‘cold weather, with high h building—and all 


buildings are ‘more or less high—the labor to be perfor med by any 
ventilating appliance i in inducing a flow of air, is materially reduced by 

the ascensive force of the columns of hot air in 1 the building. As the 


; ON weather becomes w: warmer, more and more motive power is demanded to 
impel the’current, but whatever motive power be expended, the move- 


ment of any quantity of air will cost in motive ‘power as the square of 


the velocity. 4 The supposition of any change in sectional areas (omitting ; 


some frictional considerations), which shall red luce them below the area 
og ite as the least at the fan, admits of a reduction o of ‘the fan itself 


thoroughly arranged apparatus calls for distributed 


removal of air as positively as it does for distributed supply, and for 


complete efficie ciency, all all flues and branches of efflux should have, after 


_ providing tl the branches, similar bafiling mouths to those described at - 


mouth of entry > 14 times the area of the supply. flues and branches. we 
- With a forced ventilation, these flues should not have that comp 


“tion i in 1 reduced area, as they become high, which is essential to self- 
_ acting hot air shafts. . The condition of ventilation assumed, supposes 


the he expulsion of larger er quantities o of air, as the relative tempers 
side and out, becomes 1 more re equal, and at the point of — the 


almost indispensable tha that ‘all the ‘eduction flues shall be gathered into 
one e single 1 main flue, with judicious arrangement of the branches: at their — 


a points of junction, so that they shall direct themselve 


—— 
face, at a not greater velocity 
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curren filuent air, and entirely a nd completely fill tl fill the he great fi flue or 
preventing any eddies or back currents from 


themselves, from room to room, from ¢ one e part of a room to another; = 


in any one building, w hether s with air by ventilation, or 
' by any other ventilation, or if unsupplied with air altogethe: ther, but merely 7 


= ‘furnished with ventilating flues, or yet again, where numerous , chimneys 


q only exist, the chance tor down draft for some of them goes bey yond 


* 


of most of them w porking the ight. way, if os weather is not very cold. e's 
A few figures of the proportions of steam hes ating apparatus, in com- 


Mane with ventilating, may be given. In In most buildings to be be ve en- EB; 
tilated, as halls, there will be found rooms and passages, whose require- > 
ments in occupancy will demand a a much less liberal supply of. air than 


T he anantity of air to buildings will be derived from two 


third ‘system. oe The system tem dependent nt upon ventilation of session, au 

or largely occupied ied rooms, has been discussed a’ ready, but t the 


is ape where the heads air is made merely the vehicle for transport - bse 

ing heat to a room to be warmed. ‘The temperature of currents for — 

entilation solely, can scarcely exceed ' 70 to 80 degrees in the ‘coldest = 


weathers in the most exposed hall, w while rooms warmed more economically oe 


with 2 smaller quantities of air, may wy have hot air currents of perhaps 11 110° 


wien steam heated surfaces. th the second case, the volume of _ 


ill il be found by deciding on the extent of heating surface 
for a given room of given exposure of outer wall, and position in the } 


building. This extent of heating 1g sur vary from 1 square foot 
to 40 cubic feet of space i in the » room, to 1 square foot to 120 cubic © 


feet ¢ of space in the: room. latter value representing room of 
_ dinary living s size, with the least usual wall or window surface, ‘sheltered }— 


fom cold winds, and i in the second ‘story of a warmed building ; w while B, “a 


- the former value i is that of the exceptional case of great exposure, or of ie? 
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these circumstances has mi: ade, 
needed for heating any room indirect heating (0 it is termed), h 


square re fook of heati ating surface, a8 the greatest 
. Ww hen the thermometer. ‘is at zero, at such time as the least supply for 


Ventilation is ‘supposed. A square foot o of steam heating surface, with 
steam at 39 to 40 pounds pressure may rbe tal ken, ‘if well exposed, to be 


es of heating 3 cubic feet ofa air r from zero to 100 — 5 cubic a 


a, a in any buil ‘ding takes place at the windows, 80 great th that the computat ation 


almost be confined to sur 
the : surface of the v w valls « or the ‘oubic oc contents s of the ro rooms be ae 


‘But, on the o other hand, it is the ) exposure of the window which mage 
an of most account, t, and that has to de all allowed for ‘by judgment, and not by 


estimate, and with e exposure a wall “may become, if thin or thick, a ma- 


terial element i in consider: ation. 


Finally, the windows do a definite ote space, or, 


é if they do nc not bear the usual propor tion, they 1 may be allowed for ; until — 


- ‘equally valid with one based on window surface. a. 


the skill in guessing comes back to a guess base: d on cubic contents, 7" ] 


The third system of ste n heating which finds, ex xam ple 3 in all large 


buil linge—in pass: uges, at or hear doorways, or invariably somewhere— 


_ is : direct heating by coils placed in the rooms to | be heated. For this 
> method there is demanded 1 ‘Square foot of hea iting surface for each 80 


cubic foot space within the walls of an exposed or of a room 

3 where the heating i is s demanded at short notice; as in an office which i is q 
omg allowed to become cold at at night. While 1 square fo foot o of direct heating — 


surface is ample to warm 200 cubic feet of space continuously, without 
ntermission day or Special demands to! heat and 


= must b be esti ae 


= decidedly jortuahe, although th their surface is not so effective as that j 
horizontal pipe coils by about 20 per cent. 


The main pipes for steam | and return connections, by branch o or oe Ye q 


— 
situation on the ground floor of the building. When an allowance for 
_ 
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ta 


‘point of first distri buti tion o branch from the main, The condense 


inch pipe for every 500 square feet of effective steam sur- 


augmented or 0.0025 (xia) for each foot from the 


Ww ater or return connection will follow the same rule, with the equivalent 


of $a a circular inch for the same surface (equal to a }- inch pipe nearly). 


The aggregated area of great ma mains need ‘not be so large as wi ould follow — s 


_ from ag gregating the branches, | but should t be increased i in size up to the. e: 
A point of. any branch, as if the ex enlargement of that branch, for distance, 


_ occurred at the point of branching, and not at the coil or heating sur- 


face. ‘This rule will, if carefully read, prove easy to © apply. jeg 
Flow n mains ‘should r rise to some point (where they. can be. trapped or. 


drained), vertically, and then have a descent of a }-inch in 10 feet, regu- 


eG larly, to the end. It circumstances do not allow this, steps of waite f% 


rises, well trapped, should be succeeded by lines of descending grade. 

The return main should have a a corresponding fall fall towards the’ boiler, or 


Boilers « of the common ails form - require about 1 square are foot of 
boiler surface (reckoning all the surface, of whatever kind, exposed to 


>> 


‘the fire or to the eg of combustion, betw een the ‘grate toend the boiler 

chimney), to. each 9 square : feet of heating surface in coils or radiators 

‘The grates of such boilers should have 1 square foot of surface to 


about 30 square feet of boiler heating surface. - These ratios give 1 square 


foot of to 270 of radiating surface. 


- “from o one- tenth of the grate surface, for chimneys 0 of 50 feet high, too one- 


= twelfth of the grate surface for chimneys, of 100 feet high. These last 


dimensions sare omaller than customary, but sufficiently if no 2 

ther requirement will ever be p put on the apparatus, 
‘The maximum m quantity | of | coal to be consumed on these | grates will 


not exceed 8 pounds pe square foot of g ‘grate pe hour, while the average =] 
“quantity will not be over 20 to 30 30 pounds of coal per anes foot of om os 


feet of air per minute, will demand from 20 to 60 Ibs, of per 


hour to supply, steam, as a rough | estimate. 


tt In planning boiler boilers, it is usual to allow one extra boiler for c ae. nd 


There is no necessity to estimate on ‘the supply 0 of steam 


il or radiator, should have the oquivaren: 
a mains to each cluster, coil or radiator, 
q 
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a ‘the power needed to impel the fan, where buildings are ee : 


ie ventilated, as the exhaust steam of the ¢ engine should be utilized for heat- 


poses, little: extra steam is for this of 


Further discussion might b be had into the mechanical details, con- 


< _structively, ies as to either their ratios to the great units of individuals t to 
best supplied with air for ventilation, or of cubic. space in buildings ; 
some possible interest to the c construction | of apparatus ; ; but: my purpose 


4 has ‘been only to give such figures data as 


i for arranging the ventilation of halls of audience. Every word of 
superfluous description, and e each extra figure, has been carefully ;elimin- 


“ated, with the sole view of making | this information complete in its 


ostensible direction. ‘The pay however, cannot properly be concluded 


requirements, that seem not to have 
heretofore been adverted to by writers, ‘but which yeally y control 
i the working of any apparatus, for. either warming or ventilating, orb both, 


which call for modifications in arrangement and 


most amounting to a novel sy system. te 


Th The temperature c of steam heated surfaces, for steam of such pressure, — 
is is usually carried in heating apparatuses, where the boilers fur- 


nish. steam for running the fan engine, that i is, at 40 to 60 pounds pres- 
sure, will run from 290 degrees t to 810 degrees; and and these temperatures 
- practically une uncontrollable whenever the steam is admitted to any coil 
or radiator ; so that the external surface of the coil or radiator in air is 

sensibly the same, 290 290 degrees to 310 ) degrees. Some slight but unreliable ; 


- reduction of temperature i in the steam, may be had by throttling the e sup- 


a ply pipe, but this method becomes | especially ‘unreliable when the con- . 
4 dense water i is s returned, without out trapping, at the came pressure, to the 
boiler. Coils give off heat determinately until the last 1 moment of being 
shut off. _ They fill with water, ‘and become very noisy with water ham- - 
-_ mers; when a small volume of ‘steam in someway is interposed | between 
two columns of cooled water that instantaneously condenses it and in” »] 
a vacuum, bringing such columns into solid contact with each other. ie 
‘ In exposed places throttled coils freeze up. The sions adjustment may 
secure the end of lower | tempe weal of and 
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moment the coil ia is virulently active with or obstinately passive by 
a There are t two. ‘methods of -mIneeting this ‘difficulty. fix first is the 
e of a coil into sections, so ‘that one one or more of the sections can 6 ; 
7 be employed i in heating g or be shut off at will. * * Some p person in control | 
_ of the apparatus, or at least of the coil for heating, will thus have the ‘ : 
means at hie disposal to » produce any y wished for temperature, d down n to J 
ay the coil, unwarmed, such parte of the current of entering | air a8 
will reduce | or temper dena: that t remainder of current it which i is Pes: 4 


oy surfaces. ces. A A comparatively si 
with register or louvre (blind) valves, and some bailing contrivance | to 
secure the admixture of the two currents, is the mechanism of this 


method, which, as ar method, is nearly : as efficient as the former one. 
one essential regard it is more efficient, that i the method 


ny effect is produced on the tempe erature of the 


aan of the well planned, thoroughly con constructed, and entirely con- a 
troll able apparatuses for heating | and ventilating. Anomalous: or "para- 
- doxical as it may ‘sound, it is a fact, that the most ‘complete ee 
a tus may be the most perfect failure. Every improvement in in mechanism a 
© may have been schemed, every contingency of working may be adequate- x 
jaa ly provided against, and yet the » accomplishment, in ‘warming and ven- 


> tilation, will have resulted disastrously. | The fact i is certain, and to what — 


| 


fandimental error can it be ascribed ‘The mistake ean, in my mind, 
. traced to the e assumption, upon w which the operating of apparatuses have 


been based, of cont control of the individuals warmed or ventilated, 3 


= In the heating apparatus constructed at the U. 8. Capif in 1855-6, this method was - # 
a ' troduced by Mr. Nason, and the complete control of temperature, in coldjweather, for any given 
ss supply of air in every room in the building, was given to the engineer or his assistants. 7 
This which was by Mr. Faber du Faur, was introduced in 
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rooms, while the sectional method calls for time to elapse until the 

— 


é 

; as regards their sensations of comfort, or their requirements for health. | 
error lies in, giving ‘the regulation of temperature to an or 
toa general director (in case of an important building). An eng engi- 


heer may be a thoroughly competent m mechanic, , even ‘more, he may be © 
well informed i in the practice, and possibly i in the theory, of heating or * 
-yentilating g. > director 1 may have the theory and practice of heating 
ventilating at his command, and be eminent: in science or medicine as 


well, but from either of these, control v will be: resented, and any effort re 


Bd enforce needful authority will be thwar mrted. If this be the condition of : 


oper ating an apparatus i in competent hands, what happens when those 


less like ly to enforce authority are placed i in charge? The usual ‘ 
isa well taught mechanic, with ability keep in order an 
~ anaes, to direct the fireman, and possibly able to do his own steam fit- 


ms in sapeten; one who i in the pride he would take in a well kept os = a 


paratus, bey« ond the keeping of W which he has no ambition, commands 


t hi satis F th bilit t be 
man may himself as he pleases. It is impossible f for a 


; number of men to o tell one man what will Please each of th them individually, 
rhe for that one man to please them all. It is not the pr gage mn of me means je 
of control: wad the wished result. 


a hands of the per: persons to be warme: 


sential condition has led to repeated there is a 


beliet that no ventilating oppenins can be successful, ‘and there exists a ) 


general preference e either for direct steam heating ; where s 
a room can manipulate the or valves to his own or for mere 
current w ag oe where opening or or closing a register, also by any person 


‘ols the heat satisfi when no 


of te greatly to the delight of 
e experimengal results are pleasant to contemplate. 
While thus freely upon athe. draw backs of previous 1s efforts, 
ement upon the fault- finder | that he should offer a 
remedy will now which is: That to the 
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may r be trapped d-off, and the hot condense water wasted; bad yet, again, 


ap 


unning of the same mechanically, i in a defined way, without his or or they 


assuming the regulation of ‘the 1e temperature of comfort in any room or. 
‘division into parts. The temperatures desired or ‘attained being 
"positively contro led, within certain limits, ‘by the occupants, or | or by 


_Tepresentatives of the 4 such as officials 0 or ushers in in the 


hall; or part of a room OF hall, where the magnitude of the same admits 


ioe west and 80 degrees (possible 


ble) for the highest. The supply of of air y 
at any one time he: constant bend i inv so o that ihe equilibrium 


bared a matter of original plan and construction, ‘and is is as follows: The 


boilers, fan engine and fan ‘mag be: be assumed, for convenience of -Tun- 
ning, as we 


mall as for better and ‘simpler c construction, to be placed i in juxta 
vat ults, at any desirable point about the buildin 


e ve e > grounds none the building fall away, SO that the | boi 
lo above 


> ground, and yet below the levels of the. coils, this disposi- 
on of boiler is preferable. 


One (of the adv advantages: of the ‘proposed 
poronie is, that except the cost ad ducts and mains, the placing of boilers — 


some distance from a building, say some 300 or 400 feet, is not mot objection 


When the d desirable | level for the with: regard to the 


- direct return of condense we water without force, cannot he had, , the return e 
‘mains can “descend to. ‘some separating recipient, where the conden se 


water can be trapped- -off toa hot well from which the boilers will be fed i 


y a pump; or the coils may trapped separately or in clusters, and 
their condense water taken 1 by return m ains to the hot w Ww ell; (Or the 


= 


the return mains with regular : descent may may carry the condense water toa a 

a hot wel well, placed below the boiler level, under the b boiler pressure, 


ny The main duct should be « dry, air-tight, and closed asa passage nity 

absolutely v without openings 1 into rooms, vaults, or general passages, 


from whi hich it it will be > elevated by: a closed pump to ) supply the boiler.* — 


ies * This last very valuable improvement in the arrangement of return mains was proposed 
and introduced by Wm. E. Worthen, M. A. 8. C. E.,of New York. 


It presents the 
‘advantages, as ‘as regards the “ air ena that is found i in direct return to the boilers. i 
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cepting only ( floors as as may be necessary to give access to ‘the duct 
for the | purposes of the apparatus. Every precaution should taken 


or under floors, anywhere a amongst the founda cellar 


ouil 


"smaller than square feet ‘area, may be of 
thin galvanized i iron, or may be built of wood (witl ith narrow, 3-inch wide 


penne tongued and grooved, ‘mill planed both - sides), and lined with | 


light | Sheet ti tin, with soldered joints. _ ‘The The wood work of ducts s need ot 
aupensive, but it should be substantial. While ‘small ducts” or 


ranches: can be cheapest of thin g: iron, in p 


areas, branch duets | included, is best construction. 
chambers should be built in the e manner and of similar materials 


Betarning | to the arrangement of : There is to be con- 
structed ‘either directly in advance of the fan chamber or close behind * S 


it, connecting to the main in duct, an auxiliary coil chamber to hold an 


auxiliary heating coil. ‘This auxillary heating coil should be built in at 


: least four - separate se sections, (with ‘perhaps a a larger number for an an exten 4 

‘sive apparatus) ; and t this coil its aggregate of surface, 1 have 

to to the entire volume air ir required ter wi winter Ventilation 

degrees. Besides” this arrangement of the evil, it (the coil) 

oul be placed in the chamber, that the air can be passed 01 
by-passed, through o or around any any one or other or all of the sections, — 
under the regulation of sliding doors or of louvered blinds, « 80 that 


a not only complete but instantaneous control of the heat of ” bear. 


~é ith the use of these means of control of the heat of the air oe 7 
‘a ing - the duce, to meet every temperature of the external air, the 


duty of the engineer s 80 far as to heat in in | the 


of 50 
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“foundations and under to any desirable distance, without 


Tay: 
ated currents. It will be! found that half ‘the eating surface for the entire 


uilding will be demanded in this auxiliary o coil, and that this surface 
ill be peculiarly efficient, because of the great difference between the 


= 
mperatire of the « coil surface and that of the an air from ~ coil. 


ith the reduction of dimension of the local distributing c coils, a a cor- 


responding of flow-and -mains will be 
"permissible, an advantage of the highest importance is yet 


a ; to be ‘stated ; “all ris risk of freezing up the the return mains or the lower vpn i. = 


of the local cola (or oveasionally an entire coil) is obviated, while noth- — _ 
- ing but positive neglect, could allow freezing to occur in one of the | 


sections of of the e auxiliary coil. coil. 


‘The local distributing coils should, be sectional, in not 
= more than two sections for the Dineen: tee but it is s questionable w whether © 


any division of these may be necessary, although the writer would 


A advise it in construction. a7 These coils. should be in chambers ar ranged 
the « air to be © passed or through or around by 


any gradation o of of entering air om 50 degrees to 80 


; grees, should be instantaneously commanded, without, however, , varying 
the ¢ quantity y of air regularly supplied. _ If, with these provisions, | by an 
ecident or neglect th the extreme of heat or of cold be allowed in the air 
upply eal a short time, the effect will not be serious, for the instant 
estitution, to) what the occupants of a room may deem their temperature 


‘- comfort, is feasible. The settlement of degrees of discomfort tamongst 


the faumber occupy ing a room, will have to be e effected by tolerance, 
much as the fresh air is got in a railway carriage, where there is n 
to blame but the passenger ¥ when window is opened or closed. 
In halls i it is manifestly proper that the floor should be separated 
divisions, | each having its own supply of air, so that the local regulation 


may meet, not only the small differences of local requirement which 


ward but talso the d differences o of individual demand of equally 
urrence, . The galleries of halls halls have 


| 
| 
cupants of the room or of the officers or ushers in a hall. The mens 
— 
j 
q 
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not merely : a » small difference i in requirement, but at all times they de- 


te 


5 mand two or three or even more degrees less temperature for entering. = 
Ba air r than the floors. . In som some cases,as in the Senate Chamber or the 
‘Hall of Representatives at ‘at Washington, and generally i in all legislative 


or council chambers, the galleries s are occupied by : a crowd of spectator: a 
clothed, in cold weather, in heavy outer garments, while the floors must 
be comfor tabl ile for the > members, who are are by no means crowded together, sal 
“usual indoor clothing. At ev. ening ‘sessions when gas lights: are re- 
the increase of temperature t therefrom will be found mainly i int the 
galleries, and it then becomes essential to supply, them: with cooler air 
than the of the hall. It is consequent necessity for the 
; 
A - A ” cessful ventilation of halls, that th the gallery supplies of air be distinct and 


separate from those to the floor ‘and it is much better to arrange for 
= these ‘supplies i in separate | divisions, one, if not two, to each side « of the 


_— daty of the of t meyers tus, so far as the local coils is 


h 
ut it or both sections of such ach coils 


neet the. demand of ' the season ay as regards mere warming and _ 
positive heating. Bey ond this he has, whenever the external tempera-_ 


is 70 to see tha at each coil is ‘ 


a 


ith this, a and w ith his charge. ‘of the derived 


‘year, and when the ‘external ature reaches 50 degrees, the : 


i is thrown off. At 65 degrees to 70 degrees the local coils cease to 
and thereafter the engineer, the fan at double 
, (the 


hich was based feet of air “per p person per 


minute), t hen maximum of twenty cubic feet ; which — ich quantity 1 will be 4 
- found nearly all that can well be delivered amongst a : a crowd, where, each 


uare feet: of fom or the theatre 


in 


whether its hall be o be or not, with proper regard 


expenditure, It follows that what has been said 
trol of the heating, — 
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1 
person occupies, say four sq = 
Eeonomy in running an apparatus, must alv 
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there | must yet be left, with these pemens. or one of them, | 1, the means of 


reducing the air supply to meet the r real necessities of u use or eres 


complete or partial occupancy. ‘This may b be effected in part by the 
running of the fan, but it will be found necessary to provide for regula- 
x tion. of air delivery by closure of ducts « or branches to some extent. _— As 
the local coil surfaces are unalterable, the effect of employment of in” 


greatly reduced volume of air oi at times, \ will be to enable them to give 


urrents of much higher temperature than 80 degrees oe 
_ Thus ina hall ll with 1 1200 people, at at a1 minimum of 10 ‘cubic feet per 


it the: local 


- coils ¢: can take this air at 50 degrees and heat it to 68 degrees, which may 
be supposed to give 70 10 degrees in in the room in moderate weather, 


the same local coils can take this air at 50 degrees and heat i it to say 75 
7 - degrees i in the coldest day (the 80 degrees heat from local coils is upposed 
in this onee to warm up | the room after it may have been chilled for want — 


of he heat), and also to give 70 degrees - in the room ; ‘it is evident that * 


pom: per minute, we have 12 2 000 eubie feet per minute. 


reducing the quantity asain to 1200 cubic feet } per per minute, th 


— local coils are sufficient in extent to carry the 1 | 200 cubic feet from 50 
nperat 


grees to over 125 degrees in the same minute of ‘supply, and at 


temperature the room will be w warmed to 70 degrees 


om, ot fuel. For in one case ther 


niy 


“cubic feet, taken also at zero escaping a at 70d 


: effecting the heating. ng. 


This ‘possiblity: of economizing in the working of of 


ve entilation is the bene of all methods. Ventilation is not economic as 

process ‘warming. amy instances after: demonstration of “él 


ventilation, the of the apparatus is permitted to. 
_ degenerate to the barest warming. ‘There is demanded a conscientious: S 
persistency in “maintaining a thorough ventilation, where the warming 
— be made s: satisfactory \ w without it, that surpasses the moral : apprecia-_ 
tion of a money-getting manager or of an economic official. be te gem 
a In presenting this optimist view vy of the subject « of practical ventilation 7 
of halls of audiences, ‘it must be accepted : as indicating the Path of song 
advance, not as demonstrating the impropriety 0 of advance. 


is is justifiable w cannot have the ‘assertion 


= 
q — 
egrees, is demanded in 
a a 
g 


willingly paid for. The current belief and faith in the necessity, for 
purer air in halls, must be entertained by the ‘audiences, before the ex- 


‘penditare for provision or of maintenance of ventilating apparatuses 


can . be warranted. It is sure that people do become less tolerant to the — 
ty closeness ‘and odors of halls, court rooms, school houses, year by year. 


is evidenced | by the extravagant schemes of sanitation of such 


places on the one ne hand, ,and by the boasts of impossible accomplishment 


with wholly incompetent: means on the other, that find so frequent 
has been the purpose this paper to set forth least 


of 
quantity of air r supply, « compatible with relative purity i in the air of an 


 eceupied hall, and then without gloss or or  extenuation, to set out the = 
difficulties and costs in n obtaining this least quantity, and the inconve- 


 nience and discomfort attendant, 80 > that | be appreciated as 


of ventilation “i in halls audiences, which ¢ can wath ate be 
aspired to at this present time, and with justice be demanded by | the 
community 1 from | all those who control the management ‘ of sudience or 

a ‘Session rooms, it is not ‘wished to be misunderstood by supposing that 


- this pa paper has been or is, , advocating the: dispensing w with any any real demand 


“A 
c a i in quam or quality of the supply of fresh, pure air. 7 Compliance with 
present system of ventilation of hot air furniaces, which system is s merely 


4 @ * heating to requisite intensity, with adventitious | ‘supply of 1 air, is as far 


“y ie from the ideal of perfection, as the scheme of giving to the occupant of a 
hall, the healthful air of the. mountains, with the freedom and volume « 
the west wind, is is from the of or of operation. 


civilized existence. The r remov val of ome of offense i is ‘the first anata 


of sanitation, and it is the first t requisite of ventilation. — Our tolerance of of 
_ personal uncleanness in small ways, and in large ones also, goes far to. f 
account for the offensiveness and unhealthiness of man many places of public 5 
— _ Arguments o on this point, and social enforcements of regu- 
 deldons n this: regard, in n theatres, court rooms, § galleries. of public halls, 


school rooms, public co conveyances of all kinds | (especially the latter), will 


e efficient: than’ the indoctrinating of surmounting the difficulty by 


fresh air, funished ‘regardless of comfort and of expense. pes 


Finally, after establishing the requirements for necessary and indie 


of audience halls and of audiences ‘it becomes 
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nal planning and subsequent 
erection of the buildings | shall provide suitable r rooms for apparatus, 
“4 
= with ducts, distributing passages and flues, in order to render 
available the methods of the mechanical by w hich methods 


"ventilation, with comfortable heating, can ‘now now be effected with 


woe 


_trollable, positive and ‘satisfactory sonal 


rab 
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ere 
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Data r vblion to fans for ventilation, to be used in pr -_ ati of 


plans of buildings. toga wth tbl of 


govern the proportions of Rotary Fans,” ‘read before the I Instita- 
ae a tion of Civil Engineers, London, i in 1870, ‘This paper was offered to the y 


Institution by present » writer. As before stated, this 


é 4 struction offers the advantage of giv ing t the lea: least possible ¢ dimensions for 


the performance : of a given work, in the movement of air. 'To some 
the sizes of parts of the fan, or of the air ducts, may seem large ; 


4 but when the quantity of : air is fixed, the economy of youn we demands] low ; 


velocities an and in ‘ducts, sv that large duets and “| 


delivering i it at into the space enclosed by the partition 
oW rall, from which space the air passes to, or “enters the duet. et. The ar- 

3 _ rangement and construction of a single fan s supposes a half section on the a 
line of the disc, a complete section of the single fe fan. These 
i. iews vs show a sheet-i -iron ring, a piece o of @ cone attached to the mouth i 


piece, as as forming the sides of fan. fans it is not unusual 


i in mouth, on chown in ary 1 in om a single in, one. 


single or ‘double fans, : ‘should have two immediotely near the 


tends, near to the ariving 1g pulley o or the « anak, , from vhich the: fan rece eceives 

‘its power. ‘The shaft should be long enough to allow the pulley or the 

_ engine to be located in a room separated by a partition from the passage 

q 

for air, in entering or passing f from the fan. Damp: air being destructive 
of belting, a and an engine } room in a gal le of wind, and practically. out of a 

doors being manifestly an unst unsuitable arrangement. 

Figs. and 4, give the constructive diagram for fans of the 
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a The sections and — 
and elevations. Fig. and Fig. 2. st 
— z = ig. 2, showadoublefan,that 
q 
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q 
at 
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_ Referring to Figs. 3 and 4 the dimensions in practice then become _ 


q ner edge ¢ | 


—faceofcurbinfrontofdise. . . 
L = place of centre line of pedestal in front of disc — ss 0.5+-0.08 ft. q 


D—radinsofshaft . .  . 


eontour of cone . 


VL 
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— or generating curves f 
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er, together w with a coil and auxiliary coil, and 
with ducta. 4 question source from to de- 


ELEVATION. 


\ 


RM SSS 


SCALE. 
10 15 20 25303540) 
to. determine, of a at all, or r if at all 
under what circumstances, is not definitely settled. | one regard, thet 


ra 
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the tower is a monument to vel ntilation ! there i is a strong architectural 7 
dasis for its employn ment. Quoting i in the ms main, from a disenssion of a 


tower ina previous paper of the writer. dimensions of a tower are 4 


“fixed ty the quantity of air needed, and they will be found tol be very 


large ones, To supply, for instance, fr om 20 000 to 40 000 ‘eubie feet of 
air per minute, the sectional area of the air passage ir in tho tower, ought . > 


“not to be less than 40 nyeete feet t. In other terms, the velocity of air in 


‘ the s air pas sage of the tow er, should be n not: over 1 000 feet per per minute. — 7 


Ae. 
from all impurities, or so as sto find that relatively pure air which shall >] 


_ How high must the tower be, so as to find pure air uncontaminated 


Inv estigation upon the | purit ity of air in different places and at different 


elevations, and at diffe rent seasons, have been repeatedly ‘made , the 


sult of which, as egards. cities | may ‘be stated with br 


_ great variations in the quality of air in different cities, arising from rela 
density of population, of fuel, character and avocations sof the 


inhabit ants; and again, fr rom. 1 climate, prevailing w inds, and winds at the 


. time of observation, _ hygrometric condition, normal or abnormal, ete, 


but. the dispersion of impurity generated in 
loca ality, the “purest air ‘is to be found fr rom 6 to 40 feet, 


impure, 70 to 90 feet the level of the round; with 
90 feet high, rising’ to balloon height. a Over any free or open pl: wes in 


ac the of local is more ore te sly effected, 


eac hed, than is r 


on a still day thee city is covered as W ith a by an 
ascending and dispersing cloud, and receiving its fresh air from beneath — 


n 16 country, and probab amon s vege ation in the ei ties, as in 
“4 In the con t 1 prob bly g t tati the t 


- or or squares, the air near to the ground may be considered as the > 


humid, and the most likely to ‘carry or propagate organic germs. 


fact, it seems an requirement that causes all mankind 


= the second floor, or. other upper floors of dw ellings as the p proper 


dormitory. level. So that the the argument ¢ appears | to favor the taking of — 


air for ventilation, both i in cities onkeus country, at some point from 6 to 40 
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yard i is 80 repeatedly aerated by the removal of as to 
become of a shaft, equal to pany one that can 


-constru ucted. 


buil dings, as regards for air, ‘end their 1 location or or or advan 


a oe tages in obtaining ‘it, must determine ‘the existence of a tower for air . 


_ supply, as w as well as its dimension: Ss. No tower is needed to obtain fresh air 
oe the: Mountain House Mount Ww much because 


ATION OF HEATING SURFACE. 


q ¢The f following gives an an approximate es estimation of the cubic space, in 
rooms or r buildings, which can be wa warmed by a unit of steam- bented sur- 
face, placed ina chamber or less remote from the room itself; the 


hamber to the 


conditions upon which an estimation is to be are 


‘numerous, and * t is here attempted to to state them succinctly, if not 


as follows: The maximum temperature of the steam- m-heated sur- = 


face i is taken to be that der ived from steam of 15 pounds pressure to the 


4 
bey ‘square i inch, or 250° temperature of steam. *— The surface employed is is 


deemed equivalent i in effective value for dispersal of heat, to that of plain 


| 


cy lindric surface in ck, 0 or cast or. wrought Which 


one wrought i iron pipe, not less than 10 pi pipes high, with b air 


lg and delivery distributed by perforated plates, above and below the coil, 7 


into favorable contact w ith the pipe surface. Where other descriptions 
of surfaces are employed ‘Precaution must be had to insure 


ag contact, as s for - instance, w ith plates o or vertical tubular ‘surfaces. 4 W hile 


le plate st surfaces having projecting rib ribs or ‘Pins, W which may, in great 
or r entirely, answer the purpose of insuring favorable ‘contact 


the common temperature of steam in large apparatuses runs up to 290° or 310° = 40 to 60 
: pounds pressure. 290° gives a surface over 30 per cent. more efficient to heat air from zero to 


ly 


— It may be remarked, that in large public buildings, where there isan 

— 
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| 

OT the alr wit he suriace, the eliciency of the supernicies 0 ribs or 
— 


_ pins may (w yhere some considerable thickness exists, t to give conduetiv- 
ity), be reckoned as half that of the plain surface to w hich they a are 


It i is that the fines and duets for the passage of ‘the: 


currents : of heated air shall be of amp le and , proper - size, us established i in 
the text of this paper; and that they ‘shall be well guarded from loss c of 

and metal lined throughout, to. ensure smooth channel- -ways, and 


“all angles ‘must be formed with gentle curves. These conditions | espec- 
“ -ially refer to heating by self-acting currents, where the fi flow i ‘is produced — 


4 mainly by the levity of the warm ‘currents together w vith that of the | 


Qualified in these respects, it be accepted, | for the climate of 


' P hiladelphia, | where the minimum temperature for any whole day of a 


twenty-four hours is not below zero, | that 100 cubic feet of space in the 


of buildings as or or 80 cubic feet of J 
~ supplied with heat by eu currents pr air of the proper volume, ihrer er 


one square foot of steam heated surface. In these buildings it may be as- 

sumed ‘that the management of the apparatus is in the hands of a compe- : 
ent fireman, and that the boilers 1 are run as is usual for those of facto- - 


For "dwelling houses where slow and irregular firing is the prac- 


thie ratio of apace heating surface about 60 to L 


tis ratio » of 100 cubic feet of space to 1. square foot of heating sur- 


“apportioned the s sev several rooms, vith, corrections fc for exposure of 


of to which the frontages refer; with for the 


proportion of window surface exposed; with corrections for unusual 


height « of stories; with corrections for unusual thickness of wall, | or for 


peculiarities i in in construction or methods of prevention of of loss of heat at_ 


the windows; ; and i in the cs case ¢ of self- acting , apparatuses or those without 


ay ra 
a a forced ventilation, with allowances for the e elevation of the rooms in the 


1 his last all be mad y 
building. In fact t 1is last allowance )may be made in any case, eal 


ee will be be first attempted to set forth a simple e rule for the ayportion- 
ment of heating surface. It is thought that the second floor or story of — 
ze eo building will represent the the average requirements fairly; when the first 
- floor will demand, approximately, one- ninth 1 more holies g surface, and 


ach story above the second | may be held to require one-ninth less heat- 
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surface successively. Perhaps this rule fail with the fourth 
story, where the « elevation A would be likely t to increase the value of the 


ternal exposure as th sion of 


or the second or normal the feet to be warmed 


y one square foot of ‘heating surface becomes, for rooms facing as fol- 


wit 
‘Sonth 120 fee 


= 85 


Average space per square foot 5 surface for ‘the second story = = 100 
feet. 


seve be tabulated as follow 


of 

2 3d. Ath 


cu, ft, eu. ft. eu, ft. cu. ft. cu, ft. | cu. cu. ft. 


South.. 


| 33! 


An approximate co 


Asquare foot of v vindow be as 


each 100 cubie feet of a 


ascertained the excess or want of this extent of aoe sul 


face in any room, one- -half the r atio in excess o- wanting to the (assum 


ae quantity may ay be taken as the dimunition or increment of the 
total cubic space for a unit of surface. 
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Am. —Quantity necessary for respiration ; component gaseous bodies, “a 


oxygen, nitrogen, carbonic acid, aqueous vapor ; other gaseous 
bodies as impurities ; organic substances ; quantities requisite 


& fer preservation of fresh air in occupied rooms ; demands for 


—W armth | of; easential end paramount; by warm | cur- 


fen rents ; ; supply by cool currents ; relation of sensation of w armth . 


Temperature comfort of ; 


countries ; effect of humid 


Ar “Am. Summary of requirements of ventilation. 
hn. —Systematic supply; velocity of currents in duets and flues ; 
dimension of same derived. . 
_ Arr.—Direction of currents in acrowd or an audience ; 
Gas Products ¢ of ; ‘ventilation of gas-) 


VENTILATION. - —Methods of ; dow mward ventilation ; ; adventitious 

ventilation with hot air furnaces 


ELectTRIC Licurixe. —For audience halls ; ventilation of lights. . 


VENTILATION. —Forced:; other methods; natura 


ashington | type; used at U. Capitol i in n 1855 by Maj. -Gen. 
MC. Meigs; farther usage (ees also pp. 96 to 


BorEns.— —For steam ‘Purposes and ventilating apparatus 


EATING APPARATUS. —Steam; American, of 1840 to the 


H 

ENTILATING dimensions for ; 

ducts, etc.. 


-Distribution of of air in or 
Am —Quantities of supply. for apparatus; heating by currents (see a 
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of 
rooms, for current (indizect radiation % for: warm- 
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lation on separate sections ; by by-passing 87 
Srmax APPARATUS. —Perfect of ; the 


STEAM | Heatep § Sur SURFACES. —Uneontrollable heat « of; methods of of regu- 


 Slaaienaiaomaiiio of writer ; control of heating te taken from 
the ¢ engineer; of duets ; fan ; auxiliary coll ; by- 


_ APPARATUS. —Local coils; by-passing; air currents in rooms constent 


on 


in halls; on the floor; in 
Apparatus. —Proppsition of w riter ; duty of engineer or 


economy of working; necessary control of quantities 


—Data relative to form and construction (see also %6, 8)... 96 100 


‘VENTILATING Towzn. —Design for. 
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